Networked multiplayer games must support a much wider variety of interactions than single-player games because networked games involve communication and coordination between players. This means that designers must consider additional usability issues that relate to group play -but there are currently no usability engineering methods that are specifically oriented towards the needs of multiplayer games. To address this problem, we developed a new set of usability heuristics, called Networked Game Heuristics (NGH), which can be used in the design and evaluation of networked multiplayer games. The new heuristics were identified by analyzing problem reports from 382 reviews of networked PC games, covering six main genres. We aggregated problem reports into ten problem categories (covering issues from session management to cheating to training for novice players) and developed heuristics that describe how these usability problems can be avoided. We tested the new heuristics by having evaluators use them and an existing set to assess the usability of two networked games. Evaluators found more usability problems with NGH, and stated that the new heuristics were better for evaluating multiplayer game usability. Our research is the first to present networked game heuristics that are derived from real problem reports, and the first to evaluate the heuristics' effectiveness in a realistic usability test.
INTRODUCTION
Most of the commercial video games that have been released in recent years support networked play, in which groups of people can play together from different locations. Current networked games are extremely varied and cover several genres including first-person shooters, strategy games, sports simulations, and roleplaying games. Many of the games support several different styles of cooperative and competitive play over the network, including free-for-alls where players compete against each other, and teambased play where people work together toward a common goal (e.g., capture the flag).
Networked games involve interactions between players as well as interaction with the game environment itself, which means that these systems must provide support for communication, coordination, awareness, and social interactions between people. As a result, there is a much wider variety of usability concerns that must be addressed for these systems than in single-player games.
These additional usability issues that affect group gaming can collectively be called multiplayer game usability, which we define as the degree to which a player is able to successfully interact with other players and understand their actions. Multiplayer usability is not the only important issue in a networked game -but it is distinct from other aspects of game design that have been studied previously. First, a game's entertainment value is a well-known but separate concern, and involves issues such as engagement, challenge, fun, and storyline. Second, multiplayer usability is different from single-user usability issues that are important for all games, such as input mappings, control sensitivity, visual representations, and training support [35] .
Evaluating multiplayer usability is an important issue, since poor usability can greatly detract from the overall play experience, even if other aspects of the game are well designed. However, there are currently very few methods for evaluating multiplayer usability. Playtesting is one of the most common ways to uncover design problems [12] , but this method needs playable prototypes that usually only exist in the later stages of the development process. Few methods exist to allow designers to carry out less expensive usability inspections of games, and to also evaluate early, non-functional prototypes. Recent usability inspection techniques look at single-user usability issues in games [35, 11, 7] , but there are currently no established methods for evaluating multiplayer usability issues in networked games.
In this paper, we address this problem by presenting a new set of heuristics for evaluating multiplayer game usability. The heuristics, called Networked Game Heuristics (NGH), can be used during heuristic evaluations, where evaluators explore an interface while looking for usability problems [31, 32] . The heuristic approach has been successfully used in previous game evaluations because it does not make assumptions about task structure, and it is flexible enough to be adapted to specialized domains [32, 10] . We developed our heuristics using a methodology introduced by Pinelle and colleagues [35] , in which heuristics are derived from actual experience reports -in this case, public reviews of networked PC games. From these reviews, we derived a set of usability heuristics for assessing multiplayer game usability.
Our new heuristics, called the Networked Game Heuristics (NGH), are the first design principles to focus exclusively on networked game usability, and are the first to be based on a structured analysis of reported usability problems from a large number of games and game genres. A shortened form of the heuristics is shown in Table 1 , and they are shown in more detail in Table 4 . In the following sections, we describe the development of the new heuristics, and then report on a study in which ten evaluators used two different methods (NGH and Baker's groupware heuristics [5] ) to evaluate two networked PC games. Evaluators were able to find more multiplayer usability problems with NGH, and also reported that the principles were well-suited to the goals of the evaluation, were easy to learn, and were straightforward to apply. 
USABILITY INSPECTION AND NETWORKED GAMES
Usability inspection techniques can play an important role in the design of networked video games. Most game design processes use playtesting to identify problems, but this is only possible during later stages of design and development when a functional prototype exists. Usability inspection techniques, where skilled evaluators inspect the prototype to find problems, are a potentially valuable addition to the game design process. They are inexpensive, and they can be used to evaluate prototypes at all stages of development.
Most current usability inspection techniques are not appropriate for games, since most current methods assume a different set of design goals than what are typically seen in games [35] . For example, many games are relatively unstructured compared with productivity applications, and promote exploration and varied playing styles rather than the completion of specific tasks. Further, one of the main goals of game designers is to engage and entertain the user -video games emphasize music, voice acting, storyline, and artwork, so they do not follow the conventions seen in other applications. This means that evaluation techniques focusing on concepts such as task sequences (e.g., [4] ) and desktop design (e.g., [31] ) are often not appropriate for games.
Literature on groupware evaluation provides insight into how usability inspection techniques can be developed for networked games. Groupware applications support multiple users, usually while carrying out cooperative activities. Groupware applications are incredibly varied, but there are several persistent issues that designers have to address in most application areas. These include support for communication and coordination, and support for helping team members to maintain an awareness of others' actions, locations, activity levels, etc. [16, 37] . Gutwin and Greenberg [15] call these common interaction primitives the "mechanics of collaboration."
Gutwin and Greenberg [15] state that evaluations of multi-user applications must address both taskwork, which covers support for single user actions, and teamwork, which covers the "work of working together." Most techniques for evaluating the usability of groupware systems have addressed the teamwork aspects of design, and have left the evaluation of taskwork to single user evaluation techniques. Several techniques have been proposed, many of which have been based on the mechanics of collaboration. These include a set of usability heuristics for groupware [5] , a task analysis technique for multi-user scenarios [37] , and a multi-user walkthrough technique [36] . However, most of these techniques are based on the notion of structured task sequences and focus on cooperation between users, so do not map well to games.
The principles that we describe in this paper address "teamwork" (i.e. multiuser) issues in networked games and rely on the heuristic evaluation technique. Heuristic evaluation has been favored in recent work on game evaluation [e.g. 7, 11, 35] because it is flexible-it does not make assumptions about task structure, and it can be used in either formal or informal inspections. In heuristic evaluation, evaluators explore the interface while looking for problems based on a set of usability principles called heuristics [31] . They look for instances where there is a mismatch between the principles and the design, and record mismatches when they are real usability problems.
In the next section, we describe design principles (i.e. heuristics) that have been developed for evaluating networked video games.
DESIGN PRINCIPLES FOR NETWORKED GAMES
In recent years, several researchers have developed sets of heuristics that can be used to improve the design of video games. Some researchers have focused on single-user aspects of design, and have not addressed multiplayer issues in detail. For example, both Federoff [11] and Desurvire et al. [7] developed heuristics that include coverage of several design issues, including playability, game mechanics, and usability. More recently, Pinelle et al. [35] developed a heuristic set that provides detailed coverage of usability issues seen in single player games, and that addresses a range of issues including control sensitivity, input mappings, and training and help.
Many other researchers have investigated issues related to the design of multiplayer games. Much of this work has addressed technical issues that are important to the performance of networked games, including approaches for handling network traffic [39] and for designing distributed architectures [8] . Other researchers have covered issues related to making games competitive and engaging [3, 17] , and some have investigated how games can be designed to foster online communities [9, 21] .
Few researchers have considered how usability issues should be addressed when designing multiplayer networked games.
Researchers that have studied usability have focused on design for specific platforms or specific types of games, such as mobile games and massively multiplayer games. For example, Cornett [6] performed an exploratory study to identify usability issues seen in MMORPGs. He developed a list of 17 usability problems that were found while observing users playing games, and he presents potential solutions for each problem. The problem list covers many issues that deal with single-player usability, and others are specific to the role playing genre (e.g. "Attempts to buy/sell items were often unsuccessful").
Korhonen and Koivisto point out that designing games for mobile platforms poses a unique set of challenges not seen elsewhere [23] , and they developed a set of heuristics that address how networked multiplayer games can be designed for mobile devices [22] . Even though their heuristics focus on mobile games, many of them cover usability issues that are relevant to other types of networked games, including the need to support communication, the need to control address spoofing, and the need to help people find other players. Korhonen and Koivisto also address technical issues related to managing lag and network connections [22] .
In summary, current literature does not address the problem of evaluating the usability of general networked games. In the next section, we describe our solution to this problem -a new set of heuristics specifically for multiplayer usability.
HEURISTIC EVALUATION FOR NETWORKED GAMES
We created a set of heuristics that can be used to carry out usability inspections of networked multiplayer games. We developed the heuristics using an approach that is very similar to the one used by Pinelle et al. [35] to develop heuristics for singleplayer games. We created the heuristics by identifying usability problems reported in 382 reviews of networked multiplayer games, and then developing statements that encapsulate how the problems can be avoided by designers.
Using actual problem reports (from the game reviews) as the basis for the heuristics is vital, as it ensures that the heuristics will reflect real usability concerns. Games are incredibly varied, and significant design differences are seen between games and between game genres. Therefore, we felt that it was important that the heuristics represent the range of problems found in current networked games, and that that they provide both breadth and depth coverage of the design space. We addressed this by analyzing problems found in reviews of a large number of commercial games, covering six major networked game genres.
The new heuristics focus on multi-user aspects of the design, and are not intended to provide complete coverage of all usability problems found in networked games. They can be paired with heuristics that cover single-user aspects of design (e.g., visual representations, control sensitivity, and input mappings) or evaluations that deal with fun, playability, and entertainment value. The next sections outline the steps we used to develop the heuristics.
Step 1: Identify Problems in Reviews
Our first activity was to identify usability problems that were described in reviews of networked games. The reviews were obtained from two popular gaming websites -GameSpy and GameSpot -that review a large number of games and that maintain archives of game reviews. Reviews on both sites are written by professional editors and describe the quality of games, enumerating their strengths and limitations. In many cases, they cover usability problems (both single-user and multiplayer), providing a useful source of information on design problems that are found in games.
We analyzed all reviews of networked PC games that were posted on GameSpot in 2006 and 2007 and on GameSpy from 2005 to 2007. To guarantee that broad coverage of multiplayer usability problems, we included a large number of reviews with coverage of several major genres. The reviews in the set were written by 42 different authors. We included 382 reviews: 29 of the reviews (8%) covered persistent online games (including massively multiplayer online games), and the remaining reviews covered transient games (where players set up and control the game servers themselves). The distribution of genres in the game reviews were: Strategy 34%, Shooter 23%, RPG 17%, Sports 16%, Simulation 5%, Action 3%, and Other 2% (see Figure 1 ).
Figure 1. Distribution of reviews by genre.
Reviewers reported problems about multiuser aspects of the game in 213 of the 382 reviews (56%). From a first pass through this data, we further subdivided problems into those that are specifically concerned with aspects of the game's design, and those that are caused at least partially by external factors such as network lag or server responsiveness. After this division, we had 112 reviews (29% of the total) that discussed problems clearly related to multiplayer game usability.
A typical example of a usability problem report can be seen in Madigan's review of the game Cold War Conflicts. In discussing the matchmaking features, the reviewer states:
CWC does include a multiplayer option, but once you take a closer look you see that the developers are just taunting you. The matchmaking mechanism is all but nonexistent, requiring you to either be on a LAN or enter a computer's IP address to connect. There's supposedly a rudimentary search system, but it didn't work [30] .
Further analysis of these 213 reviews was carried out by three of the authors who have substantial experience with playing games and with conducting usability evaluations. Each person worked separately on the review sets, so that they could independently draw conclusions about the problem classes that were found. In this analysis, we identified the multiplayer usability problems in each review, and also coded other problems related to multiplayer features. We excluded problems related to other aspects of the game (i.e., single-user usability, and fun and engagement). Each researcher devised informal categories based on the problems found, and individually coded problems from the reviews using these initial categories.
Step 2: Develop Problem Categories
After all reviews were coded, we discussed the problem classifications to develop a common classification scheme. There were initially 61 problem categories, but 18 were removed during the discussions. We aggregated the remaining categories based on similarities between problem descriptions, and identified ten new problem categories. We also created five categories for the common problems that were related to networked play but that were not true multiplayer usability issues. We then recoded the 213 reviews using the new problem categories, and identified 147 multiplayer usability problems and 187 related problems.
The usability problem categories are shown in Table 2 , which briefly describes the problem covered by each category and lists a set of key issues that provide more detail on how the problem occurred in games from the review set. For example, the first category deals with session management, and the key issues involve "problems with finding, joining, or starting games." The problem example listed in the last section was classified as a session management problem since it deals with difficulties encountered when trying to search for and join game servers. Table 3 shows the additional problem areas that were frequently mentioned, but that are not directly related to usability. We include these because the problems were common, because they can have a serious impact on playability, and because they are related to multiplayer aspects of the games. The problem areas cover issues that have been previously discussed in CSCW, such as network latency, critical mass, and compatibility issues. We separated them from our main set because the problems are caused by elements such as the quality of a network connection, rather than the game design itself.
The distribution of game genres seen in our review set was skewed, with four genres accounting for 90% of the reviews. Problems from almost all categories were reported for each of the four most common genres:  Strategy (35% of reviews): problems found in all ten categories, and in all five secondary areas.  Shooters (23% of reviews): problems found in nine of ten categories, and in all five secondary areas.  Role playing (17% of reviews): problems found in nine of ten categories, and in all five secondary areas.  Sports (15% of reviews): problems found in seven of ten categories, and in four of five secondary areas.
There were fewer problems found for some problem categories than for others. For example, three problem categories (6, 9, and 10) have fewer than ten problems. These categories were included because they were found in multiple genres, and because they had a substantial impact on the usability of the games.
Step 3: Develop Heuristics
We used the problem categories and problem descriptions to develop ten usability heuristics for networked games. The heuristics, called Networked Game Heuristics (NGH), describe design principles that are intended to help designers avoid common problems seen in games. Each heuristic is based on the problem categories listed in Table 2 . For example, problem 7, which deals with inadequate support for training, became the heuristic "provide training opportunities where novice players are not subject to pressures from experts." The heuristics are listed in Table 4 . We did not create heuristics for the problems of Table  3 .Each heuristic contains a paragraph that provides more detail on ways that related usability problems can be avoided. The paragraphs are grounded in details found in the game reviews. They elaborate on the basic concept stated in the heuristic itself, and were included to help designers map the heuristics to features found in game interfaces.
Our heuristics have some similarities to other heuristic sets presented in previous work (e.g., [5, 22] ); however, as described below, there are several differences, and it is clear that deriving the heuristics directly from problem reports in game reviews provides considerable specificity to the domain.
Baker et al. [5] presented a set of groupware heuristics that are based on patterns of collaborative interaction seen in the real world. The heuristics cover three main areas: support for verbal and gestural communication, support for maintaining awareness, and support for group coordination. Our heuristics address many of these same issues, but are more specific to games, and make the mapping between these issues and the game interface more explicit. Further, our heuristics address several issues that are not covered by Baker's heuristics (such as matchmaking or cheating).
Several sets of game-specific heuristics have also been presented in earlier literature. Our heuristics have few similarities with the heuristics created by Desurvire et al. [7] and Federoff [11] . Our heuristics emphasize multiplayer usability, whereas previous heuristics primarily focus on playability and emphasize single player aspects of design.
There are similarities between some of our heuristics and those created by Korhonen and Koivisto [22] . Their heuristics address playability issues related to multiplayer mobile games, so although the focus is somewhat different, there is some overlap in four of the heuristics related to communication support, matchmaking, awareness, and deviant behavior. There is some divergence in the details of the heuristic descriptions, however, since their principles focus on games for mobile platforms; for example, their heuristics deal with design constraints related to mobile phones, such as text entry limitations.
We developed NGH using a method that was similar to the one used by Pinelle et al. [35] . They derived their heuristics by first analyzing usability problems found in public game reviews, but they included a different type of game (primarily single-player) and covered a different type of usability problem. Pinelle and colleagues' heuristics address fundamental usability issues seen in video games, including consistency, customizability, input mapping, and control sensitivity. Our heuristics focus exclusively on multiplayer issues, so there is very little overlap between the two heuristic sets.
Several of our heuristics are completely new and are not covered in any other heuristic sets. For example, we define heuristics that address avatar design, protected training for beginners, and the need to minimize interaction delays. These issues have not, to our knowledge, been covered in any other game evaluation methodologies. 
Bugs and compatibility
The application crashes; compatibility problems where people cannot play together because of differences in game version "Our only major issue with the PC version is that there's a known and nasty bug that causes the entire game to crash if you attempt to search for a game using the default settings." [13] 17
Combined total 187 Table 4 . Networked game heuristics. Each heuristic is listed with a paragraph describing how common problems can be avoided. 1. Simple session management: provide session management support that allows players to start new games, and that allows them to find and join appropriate games. Non-persistent games require session management support so that players can start and publicize new games, and so that they can filter and join appropriate games. Session management features should allow players to broadcast information about the game they are starting, including the type of player they are interested in (e.g. expert or novice) and the type of game play they are supporting (e.g. cooperative, competitive, capture-the-flag, etc.). When players are searching for games to join, they should be able to selectively filter games listings so that they can find one that is suitable for them, and they should be able to obtain additional relevant information about game servers (e.g. ping, number of players online). 2. Flexible matchmaking: provide matchmaking features to help people find players with similar interests. Games can provide two types of matchmaking support: they can help people find others inside large persistent game worlds, or they can help people find compatible people prior to starting a new game (usually in game lobbies). Designs should support the type of matchmaking that is appropriate for the game (for persistent or transient games, respectively). In both cases, support should be provided for discovering whether a player's friends are online and for helping to locate them. Games should also provide communication support and other features that help players find strangers who have similar game play goals or experience so that they can put together an ad-hoc group or game.
Appropriate communication tools: provide communication features that accommodate the demands of game play.
Most multiplayer games allow player to communicate using text or voice channels. The choice of channel and the design of the communication interface should be appropriate for the input demands of the game. In games that require constant interaction, it is often difficult to access communication features, so text communication tools that require mode switching can be difficult to use. Possible ways to reduce communication overhead include shortcut keys that trigger commonly used text phrases, open voice channels, and well-designed interfaces that do not take the user's attention away from events in the game. 4. Support coordination: provide features that allow players to coordinate their actions during cooperative game play. When games support cooperative play, players usually must coordinate their actions to succeed. Designers should provide coordination features that allow players to seamlessly conduct shared activities in the game. Common examples of coordination features include interfaces for: distributing treasure among teammates, planning and communicating intentions, and managing command structures in teams.
Meaningful awareness information: provide meaningful information about players, including information about action, location, and status.
Games should supply players with enough information to allow them to understand the activities of others, and the information should be presented so that it is easy to access and understand. Awareness information can be presented either asynchronously or synchronously. Asynchronous awareness information includes information about players' statistics (e.g. wins, losses, points scored, etc.) or about their ranking. Synchronous awareness information helps people understand what is currently happening in a game, and examples include features to inspect other characters' inventories and features to help track teammates (e.g. mini-maps and other visual indicators).
Identifiable avatars: use noticeable and distinct avatars that have intuitive information mappings.
Many games use avatars to convey information about player presence, location, and movement. Avatars usually have several visual indicators that encode information about each player (e.g. avatar color can be used to represent team, and size can be used to represent the character's strength), and selected mappings should be simple and easy to interpret. Avatars should also be noticeable, providing a strong sense of presence so that players know when others are nearby, and they should be visually distinct so that players do not confuse team membership and player identity. 7. Training for beginners: provide training opportunities where novice players are not subject to pressures from experts. In cooperative multiplayer games, players usually expect their teammates to actively contribute to the success of the team. When players are new to a game, they may not have the expertise needed to succeed, causing them to be badly outmatched and opening them up to criticism from more experienced players. Games should be designed to provide safe training opportunities for new players, allowing them to develop game skills either offline or on servers for beginners, so that they can avoid criticism and hostility from expert players. 8. Support social interaction: provide support for planned and opportunistic social interactions. Several factors help to promote social interactions in games, including the use of space in game worlds and the presence of features that encourage cooperation. Game worlds should be designed so that they are not too small or too large for the expected number of players, making it difficult to track conversations or to find other players, respectively. Games should also provide features that encourage conversation and cooperation between players. For example, features that allow people to auction their items can promote trading between players, and features that allow people to broadcast messages to other players in the vicinity can help to encourage teamwork between strangers. 9. Reduce game-based delays: minimize interaction delays by reducing temporal dependencies between players. Multiplayer games can introduce temporal dependencies between players in two main ways. First, they force turn-taking, where one player must wait for another to complete their turn, and second, they decrease performance for all players when one player has a slow network connection. When temporal dependencies interfere with the flow of the game, designers should adopt strategies to minimize them. Possible ways to deal with turn-taking delays are to use simultaneous turns or to limit the amount of time players can spend on a turn. Possible ways to improve network dependencies are to use client side prediction, or to only penalize the player with network problems, not the entire set of users that are logged into the game. 10. Manage bad behaviour: provide technical and social solutions for managing cheating and unsavory behavior. Online game play often suffers from problematic behavior, such as when players modify code on the local client to gain an unfair advantage, work against teammates, violate game play conventions (e.g. spawn killing), or use inappropriate language. Technical solutions are often implemented to prevent cheating or to filter obscene language in text-based communication, and they should be used to reduce occurrences of these problems. Games should also provide social solutions, by helping people recognize cheating and other unacceptable behavior, and by providing mechanisms so that they can remove or sanction offending players.
Evaluation
We conducted an evaluation where ten people used NGH to evaluate two networked multiplayer games. Our goals were to determine whether knowledgeable evaluators could understand and operationalize the heuristics and whether the heuristics would be useful at identifying multiplayer usability problems. We also wanted to evaluate the areas of coverage seen in the set to see whether the heuristics were effective at specializing the evaluation process for networked games. Last, we wanted to determine whether the heuristics improved on current evaluation approaches by comparing them to an existing set.
We compared our heuristics to Baker et. al's [5] groupware usability heuristics. Baker's heuristics are based on the 'mechanics of collaboration' [15] and address common issues in shared tasks, including the need for verbal and gestural communication, and the need to coordinate cooperative actions. We chose Baker's heuristics as a comparison case since they address generic collaboration issues that are important in most multi-user applications.
Method
We recruited ten participants who had previous experience with usability evaluations, and experience with multiplayer networked games. The participants evaluated two networked video games. Participants were divided into two groups of five. One group used our heuristics to evaluate the first game and then Baker's heuristics to evaluate the second. The other group used the heuristic sets in reverse order. We balanced the groups according to their experience with usability evaluation, with an equal number of expert and novice evaluators in each group.
Participants evaluated two multiplayer games: BZFlag (www.bzflag.org), a 3D tank game, and Tee Wars (www.teeworlds.com), a 2D side-scrolling shooter. We used open source games in the evaluation because they were not professionally developed and were continually under revision by members of the development community. This means that they had design flaws that were similar to those seen in functional prototypes, making them well suited to evaluation with usability inspection techniques.
Prior to each evaluation, we trained participants on the heuristic sets that they would use during that session, and on classifying problem severity using Nielsen's scale [33] . Participants were given printed copies of the heuristics that they would use to evaluate the game, and they were given forms for recording usability problems.
During each session, evaluators were asked to spend 15 minutes playing and familiarizing themselves with the game, using any of the public servers available through matchmaking features. We then set up a testing server so that participants would be able to assess both competitive and cooperative aspects of play, and we asked them to log into our server for the remainder of the session.
We asked participants to individually inspect the game interface using the heuristics. When they found a mismatch between the heuristics and the game interface, they were asked to record the mismatch if they felt that it was a usability problem. They were instructed to describe the problem, record the heuristic that they used to find the problem, and give each problem a severity rating using Nielsen's severity scale [33] : 1-Cosmetic problem, 2-Minor problem, 3-Major problem, and 4-Usability catastrophe.
The study lasted approximately 3½ hours, and participants had roughly 90 minutes to evaluate each game. At the end of each session, participants completed a questionnaire that asked them to describe the strengths and weaknesses of the heuristics that they used. Once participants completed both evaluations, they were given a final questionnaire that asked them whether they could identify problems more effectively with one heuristic set or the other, and they were asked which set was easiest to use.
Results
We analyzed the problem descriptions, removing problems that were repeated by the same evaluator, or that did not describe real multi-player usability problems (e.g., commentary on gameplay). We counted the number of problems found using each heuristic, and we tracked the severity ratings that were assigned to each problem.
Participants found a combined total of 49 usability problems using Baker's heuristics (mean of 4.9 problems per evaluator), and found 67 problems with NGH (mean 6.7). The severity rating of problems for both sets was similar, with an average severity for Baker's heuristics of 2.39, and 2.30 for the NGH set.
Summary of problems found
Evaluators found a large number of problems in both games, and it is clear even from our simple study that multiplayer usability evaluations could have a major impact on the success of a networked game. Although it is not our goal to report on the specific evaluations of the games themselves, we briefly summarize the main problems found before analyzing the differences between the heuristic sets.
BZFlag. BZFlag is a 3D tank game where people maneuver through the game world while shooting other players. Participants found a variety of problems, but their greatest frustration came from the absence of offline training and protected servers, since expert players logged into the evaluation server and dominated game play. People also found problems related to communication support, and had particular difficulty using the text chat due to the real-time demands of the game. Other problems were found with the game's support for coordinating strategies with team members, understanding what is happing in the game, tracking teammates, and interpreting embodiments in the mini-map.
Tee Wars. Tee Wars is a 2D game where players move their character through the game world, attacking other players with an assortment of weapons. People found a wide range of problems, including issues related to finding appropriate servers and players with similar expertise levels, and limited opportunities to train offline. As in BZFlag, people found it difficult to find time to use text chat. They found a range of problems relating to awareness and coordination support, including problems with identifying teammates, the absence of a mini-map, and an inability to coordinate strategy with teammates.
Differences in the problems found with the two heuristic sets
The problems found by the evaluators differed according to which heuristic set they used. Problems found using Baker's heuristics reflected the emphasis placed on real-world collaboration, including issues such as verbal and gestural communication, and this set appears to have constrained the range of issues that people considered. Eleven problems were found using the verbal communication heuristic, but they missed problems with the text chat entirely; instead, they focused on the need for voice chat support: "Cannot engage in voice chat. This would be good for this game so you can easily play and talk simultaneously." People also described eight problems related to the gestural communication heuristic, although the described problems related to the appearance of players' embodiments. Participants described eight problems related to the coordination heuristics, for example, "no way to make an alternate strategy or reorganize efforts." Problems were found for all other heuristics in the set, but these problems were less frequent (five or fewer).
Problems were found using nine of our ten heuristics (see Table  5 ). No problems were found for heuristic 9 (interaction timeframe), but this heuristic was not very relevant to the realtime games included in the study. As with Baker's heuristics, evaluators found a large number of problems related to communication, awareness, and coordination. In some of the areas of overlap between the two heuristic sets, the focus of the problem descriptions was different. Additionally, some substantive problems that were found using our heuristics were not found using Baker's (training, matchmaking, unsavory behavior, session management). There were some problems found using Baker's heuristics that were not found using ours (a total of 8); however, we inspected each of these and it was clear that the problems could have been found with NGH. For example, a participant found a problem related to mini-map design using Baker's consequential communication heuristic: "The direction a tank is facing cannot be determined on the mini map." Coverage for this problem is provided in our set by the awareness heuristic (H5), which explicitly addresses mini-map design. We believe that these differences were due to normal variation among evaluators. Evaluators found twelve problems using our coordination heuristic (heuristic 4), and the problems are similar to those found when Baker's heuristics were used. People also found ten problems related to training for novices (H7); for example: "Since games seem to be open to anybody it is hard to keep out expert players." There were eight problems related to awareness issues (H5), and there was significant overlap with those found with Baker's heuristics. Participants identified eight matchmaking problems (H2), for example: "no way to search for a particular player or a particular expertise level." People also found eight communication problems (H3), and the problem descriptions covered a broader range of issues than those seen in Baker's heuristics. For example, they dealt with both chat problems and verbal communication issues: "It is hard to differentiate between status messages and chat" and "Since the game is quite fast, voice chat would be awesome. I died on a few occasions when texting."
Subjective differences: benefits, disadvantages
After each session, we gave participants questionnaires and asked them to describe the benefits and disadvantages of using each heuristic set. For Baker's heuristics, three people indicated that there were no advantages. The other participants indicated that they helped to focus the evaluation on collaboration issues, with one person writing that they "emphasized coordination and communication which this game lacked" and another stating that they "focus on communication and interaction among players." All people listed disadvantages, and focused on difficulties that they encountered when mapping the heuristics to the games: "too task oriented whereas the game is very realtime/action oriented", "the groupware issues only loosely relate to gaming", and "did not really fit the domain." We also asked whether people were able to find problems using the heuristics that they would have missed otherwise. Only three people agreed, and indicated that they found problems related to support for informal encounters, and communication support.
Participants listed two main benefits for using the NGH set. First, six people indicated that the heuristics provide a clear path to follow during the evaluation: "lets you focus on the important issues. Provides guidance." Second, five people wrote that the heuristics help to focus the evaluation on issues that are important in games: "Clearly targeted at game specific issues. Surprisingly effective at focusing the evaluation on salient issues." Six people listed disadvantages, and these fell into two main categories. First, four people wrote that all heuristics may not apply to all game: "a few heuristics are game specific and would not apply to all multiplayer games." Second, two people wrote that using heuristics constrains the problems that they can find in games, and that they could miss problems not covered by the heuristics. Eight people indicated that they found problems with the heuristics that they would have missed otherwise, and these cover a wide range of issues including communication, cheating, cooperative strategies, session-finding, and matchmaking.
Subjective preferences
At the end of the study, we gave participants a final questionnaire and asked them to compare the effectiveness and ease of use of the heuristic sets. Most people (9/10) found that our heuristics were more effective at discovering problems than Baker's; one person felt that there was no difference. Most people stated that NGH provided better coverage of multiplayer usability problems. For example, one person wrote: "NGH totally trumped Baker's. NGH specifically identified multiplayer game-sensitive problems and Baker's didn't come close to identifying them." Another participant wrote: "NGH by a wide margin because it does look at specific things like session management, training, cheating, and things that you wouldn't have with more general heuristics."
Most people also felt that our heuristics were easier to use than Baker's (9/10), again with one person indicating no difference. People indicated that they found that Baker's heuristics to be abstract and difficult to map to the game interface: e.g., "NGH was easier and simpler because it was more specific and more easily mapped to the game elements. Baker's was a little abstract" Another wrote: "NGH was better adapted to the task that I'm judging. With Baker's, it was just too hard to try to figure out how to apply a heuristic in this particular context."
Finally, we asked participants which heuristic set they preferred for evaluating multiplayer games. Almost all of them (9/10) preferred NGH, but one person indicated that they found both sets to be useful.
DISCUSSION 6.1 Summary of Results
The goal of the evaluation was to determine whether people could operationalize the heuristics and find real usability problems when using them to evaluate networked games. We also wanted to assess whether the heuristics provided adequate coverage of the problem space seen in networked video games. Further, we wanted to determine whether the heuristics improved on current evaluation approaches.
The evaluation shows that the new heuristics were effective at specializing the evaluation process for multiplayer networked games. Almost all participants found that they were a good match for evaluating the games used in the study, and they preferred using NGH instead of Baker's heuristics when carrying out game evaluations. People indicated that it covered game specific problems that were not addressed by Baker's heuristics, and that they were easier to apply because the mappings between features in the game interface were easier to establish.
People found more problems using our heuristics than they did using Baker's heuristics. The area of coverage seen in problems found with Baker's set shows some of the limitations of applying generic heuristics to games. The heuristics emphasize verbal communication, which largely led people to overlook problems with chat interfaces that were found using our heuristics. Further, there were many areas of coverage found using our heuristics that were not found using Baker's, including training, matchmaking, unsavory behavior, and session management.
Scope and Generalizability
Our heuristics were developed from problem descriptions found in reviews of commercial video games. We considered a large number of games, from several major genres, and we believe that the heuristics will generalize to other similar games. However, it is possible that they will not generalize to games that are significantly different than the ones covered in the review set. For example, some of the heuristics may not be applicable to simple online games where user interaction is very limited, such as online card games and other Web-based games.
We based the heuristic set on PC games rather than console games; however, we believe that the heuristics will transfer to most networked console games since many commercial games are released concurrently for both platforms. We do not believe that the heuristics will transfer well to single-display games where several players use the same console. Single display games do not need the same level of interaction support that is seen in networked games since people can communicate face to face. Therefore, while some of our heuristics may be relevant, it is possible that a different set is needed for single-display settings.
Our heuristics focus exclusively on the multiplayer usability issues seen in networked games. They do not address single player usability, and need to be paired with single user heuristics, such as those described by Pinelle et al. [35] , to provide full coverage. Further, the heuristics do not address other aspects of design that are important to the success of games, such as the challenge level and entertainment value. Other heuristics, such as those described by Federoff [11] and Desurvire et al. [7] , address these issues, and they could potentially be used in conjunction with our set.
NGH, like all heuristic sets, must be viewed as guidelines rather than rules; and it is possible that designers will intentionally violate various heuristics in support of different types of game play. For example, in a spy game designers may want friends and enemies to be difficult to distinguish, which would violate our heuristic that emphasizes the need for identifiable avatars. The point of the heuristics is to provide designers with a set of principles that they can use to clearly decide whether a challenge or difficulty in the game is an intentional part of the gameplay, or whether it is an unnecessary usability problem.
It is also likely that expert evaluators can identify many multiplayer usability problems without the need for a heuristic set. However, using the heuristics provides a structure to help them consider each major design dimension in turn, and to prevent them from becoming distracted by other aspects of the design, such as single user or entertainment issues, which could cause them to miss important multiplayer problems. We also note that the heuristic set was compiled from problems that were found in commercial games that were released to the market, meaning that many of the issues covered in the set were not addressed by designers prior to the release.
Our heuristics are the first general set that covers general multiplayer problems found in networked games. We believe the reviews we used provide thorough coverage of major usability problems seen in networked games. However, the reviews were not written by usability professionals, and did not focus on usability issues as the main evaluation criteria. Therefore, it is possible that our heuristic set missed subtle usability problems, or problems that occur in early formative stages. We expect the heuristics to continue to grow and evolve in the future as we gain more experience and insights from using them to evaluate more games.
CONCLUSION
There are few methods for evaluating the usability of multiplayer networked games. We developed a new set of heuristics (NGH) to address multiplayer issues during network game design; the heuristics can be used to evaluate both early mockups and functional prototypes. Our heuristics are the first set to focus exclusively on usability problems found in multiplayer features of network games. The heuristics are based on problem reports from a large number of games and provide broad coverage of major game genres. Evaluation results show that evaluators are able to use the heuristics after a brief training session, that they are able find real usability problems related to multiplayer features, that they provide broader coverage of problems seen in games than Baker's groupware heuristics [5] , and that people preferred them over Baker's heuristics. The new heuristics contribute a valuable new tool for assessing and improving multiplayer usability. In addition, they also show the value of domain-specific heuristic sets, and show the potential for using reviews as a source of usability data.
